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SUMMARY 

This note describes a method of applying current negative feedback to trans- 
formerless audio class-AB transistor stages. The output impedance of the circuit is 
very high but the circuit may also be conveniently adapted to provide a matched output 
resistance, for example, for a 600-ohm line. 
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1. INTRODUCTION 

Circuits employing p-n-p and n-p-n transis- 
tors (as complementary pairs) are in widespread use 
as transformerless audio class-AB output stages, the 
most common circuit being the emitter-follower cir- 
cuit shown in Fig. 1. The output impedance is 
inherently low and is further reduced if overall 
feedback is applied from point X in Fig. 1. 



transformerless output stage 



When a high output impedance is required, 
however, it is not sufficient to interchange the 
positions of the transistors (so that the output is 

taken from the collectors) because the overall feedback maintains the output impedance 

at a relatively low level. 

Another method of obtaining overall feedback employs the voltage across a 
very small resistor in series with the load, the feedback then being proportional to 
the load current rather than the load voltage. This raises the output impedance, but 
has the disadvantage that, either the load or the feedback resistor is not grounded at 
one end. The circuit described in the next section overcomes this disadvantage. 



2, PRINCIPLE OF OPERATION OF NEW CIRCUIT 

One simple way of applying current negative feedback to an output stage is 
to put a resistor in each emitter, thus providing local feedback, as shown in Fig. 2. 
The circuit is then substantially symmetrical despite variations between the transis- 
tors and the output impedance is high. It does, however, suffer from one serious 



disadvantage: wftten both of the transistors are con- 
ducting, the conversion conductance is 2/Rr but when 
only one transistor is conducting it is 1/Rp. This 
can be overcome by pure class-B operation but this 
is not a practical solution. 
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CURRENT 



Overall feedback from point X in Fig. 2 is 
not suitable - as noted above - but the difficulty 
may be overcome by taking feedback voltages from both 
sides of the circuit as shown in Fig. 3. This pro- 
vides overall current feedback because, neglecting 
base currents, all the load current must flow through 
the emitter resistors Rg. With this circuit and 
sufficient loop gain, the overall current gain is 
(Rp + Ri;.)/Rp irrespective of whether one or both 
transistors are conducting. In practical terms, 
a loop gain of about 10 is great enough (that is R^ ^ 10(Rp + Rg) where R^ is the 
transfer resistance of the drive amplifier). 



Fig. 2 - Transformerless class- 

AB output stage providing a 

high output impedance 



Thus, the circuit has an output impedance which is very high (over 1 IVO with 
low-power circuits), a well defined gain and a relatively large bandwidth. There is 
no cross-over distortion and the total distortion, even at full output, can be kept 
smal 1 . 

There are two disadvantages: first, the circuit is not as efficient as the 
emitter- follower output circuit because of the power developed in the emitter resis- 
tors, and second, the feedback resistances must be matched. Further consideration of 
this aspect and the degree of matching required in the transistors is given in section 
3.2. 

Che possible application of the circuit is shown in Fig. 4 where the resis- 
tance Rq within the amplifier provides a match to the load. With suitable component 
values it is possible to develop a peak-to-peak output voltage swing which is about 
90%of the supply voltage as opposed to just under 50% for the case of a voltage output 
and series matching resistor. 
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Fig. 3 - The circuit in Fig. 2 with overall feedback 
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Fig. ^ - An output stage with matched output resistance 
3. DESIGN AND PERFORMANCE 



3.1. Design 

The design of the amplifier follows the simple principles given by Cherry 
and Hooper^ for class A circuits. It will generally be found convenient to start by 
choosing a suitable value for Rg. A large value gives good bandwidth and low distor- 
tion while a low value gives good efficiency and high gain. Where a large output 
voltage is required, Rp should be about one tenth of the effective load resistance. 

Having chosen Rp, the quiescent output current Iq is chosen to give about 
14 dB of local feedback: thus, for Rp = Sr^, where r ~ 25/rQ, 



125 



Iq ft! r~ mA 



Depending on the form and gain of the rest of the circuit, Rp is chosen to give the 
required degree of overall feedback. 

3,2. Performance 

As already noted, the current gain of the circuit (Fig. 3) is approximately 
(Rp + Rg)/Rp. Hie bandwidth at low output levels is determined mainly by the capaci- 
tance due to both the Miller effect and the base-emitter capacitances which appears at 
point Y (Fig. 3). The overall feedback extends the bandwidth at low levels but at 
high levels it is necessary to ensure that the drive amplifier can develop the required 
voltage across this capacitance and also that the transistors will turn on (and off) 
sufficiently quickly. 

Distortion at low levels, that is when both transistors are conducting, is 
low firstly because of the negative feedback and secondly because there is second- 
harmonic cancellation between the two halves. Wlien the output is such that each 
transistor just cuts off in one direction the ratio of the amplitude of the second 
harmonic to that of the fundamental is approximately : 



4 Rp Rj, 



where K is the degree of cancellation between the halves and r = 25/Ig. Using the 
minimum values suggested above (Rg = 5r = 125/Iq and Rj. = 10 Rp) and assuming 14 dB 
o£ cancellation the second-harmonic amplitude is 0*1% of that of the fundamental. 

When the peak output current swing is twice the quiescent current there is a 
maximum proportion of third harmonic given approximately by: 

i ^ 

12 Rj, 

This expression depends only on the loop gain and has a value of 0*82% when the loop 
gain (R^/Rp) is 10. 

At full output the distortion is determined by the degree of matching between 
the feedback resistors and between the transistors. It should be noted that the feed- 
back controls the emitter current and that the collector current is very slightly dif- 
ferent from this. Thus, if the current gains of the transistors are /Si and /3^, the 
proportion of second harmonic is: 



1(1 _ l) 



For low distortion the transistors must either have high gain or be reasonably well 
matched. For example, in a typical circuit one transistor might have a gain of 40 
and the other a gain of 120. The second harmonic due to this cause would then be 
0'8% at full output. 

The four feedback resistors must likewise be matched so that the ratio 
(Rp + Rg)/Rg on one side is equal to (Rp + Rp)/RE on the other side. Using + 2% 
tolerance resistors it is possible that there would be 4% second harmonic at full 
output. This situation is most unlikely, however, because all the resistors would 
have to be at the extremes of their tolerance and in a particular combination. 

Where the very lowest distortion is required, the two halves of the ampli- 
fier can be balanced by the use of a small potentiometer as shown in Fig. 5. 
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Fig. 6 - A practical amplifier 



4. A PRACTICAL EXAMPLE 



Fig. 6 shows a practical circuit constructed to test the principles given 
above. The amplifier is designed to provide a matched output to a 6000 load and the 
input impedance is likewise 600^. The emitter feedback resistors stabilize the 
quiescent current as well as providing a.c, feedback and the silicon diode (1 N Q16) 
in series with the germanium transistor (ACY 21) prevents thermal run-away at high 
outputs. The loop gain is 20 times and the overall gain is 9*3 times (when loaded by 

6oon). 



The maximum third-harmonic distortion was 0*3% which is a little less than 
the computed value of 0*4%. The maximum output voltage was 34 V peak-to-peak; this 
is 85% of the supply voltage, the maximum supply voltage being limited by the ratings 
of the ACY 21. The second-harmonic distortion at full output was 0'6%, in reasonable 
agreement with the value of 0*7% computed from the measured values of the feedback 
resistors and the current gains of the transistors.* These are shown below. 



Rpi = 687 -30 
Rgj = 33-470 
A = 110 (ACY 21) 



Rpj = 673 -90 
Rp = 33-120 
A = 70 (2N697) 



At high frequencies the maximum output was limited by the turn-on time of 
the ACY 21 and was 15 V peak-to-peak at 50 kc/s. 

* The predicted phase of the second harmonic also agreed with the measured phase. 



Since completing this work, a design has been published'* for a tape-recorder 
amplifier which uses the principle described here to obtain a const ant -current drive 
for the recording head. This resulted in a considerable economy in voltage swing 
compared with driving the head through a series resistor but, since the quiescent 
current was many times greater than the peak load current, the application to class -AB 
amplifiers was not explored. 



5. CONCLUSIONS 

If current negative- feedback is applied to a complementary-pair amplifier in 
the manner described, the output impedance is high but may be shunted by a resistor 
to provide a matched output impedance. A 600-ohm audio amplifier was constructed 
which has successfully demonstrated the principle. 

The two main disadvantages are that the circuit is somewhat less efficient 
than an ideal class-B output stage and two pairs of matched resistors are required. 
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